Future studies will explore whether Rad deletion is an effective therapeutic direction for providing combined safe, stable inotropic support to the failing heart in concert with protection against inflammatory signaling.
SUMMARY
The protein Rad interacts with the L-type calcium channel complex to modulate trigger Ca 2þ and hence to govern contractility. Reducing Rad levels increases cardiac output. Ablation of Rad also attenuated the inflammatory response following acute myocardial infarction. Future studies to target deletion of Rad in the heart could be conducted to establish a novel treatment paradigm whereby pathologically stressed hearts would be given safe, stable positive inotropic support without arrhythmias and without pathological structural remodeling. Future investigations will also focus on establishing inhibitors of Rad and testing the efficacy of (GTPases) (7) (8) (9) (10) . RGK proteins are differentially expressed; Rad, an RGK protein expressed in abundance in the heart, has a significant effect on cardiac LTCC current. Rad eliminates current when overexpressed (11); conversely, Rad reduction significantly increases LTCC conductance and twitch calcium (12) .
We have observed improved contractile function at the cellular and whole-heart levels in uninjured hearts lacking Rad expression (12) . This is underscored by the down-regulation of Rad in human heart failure (13), consistent with compensatory regulation to preserve cardiac output. Better systolic function is also associated with improved outcomes after MI (14, 15) , suggesting that Rad loss may also act as a Dr. Manning has received grants from the American Heart Association (14POST20460224) and the NIH (F32HL126300). Dr. Withers has received an NIH grant (T32-HL0727423) and an NSF grant (DGE-1247392). Dr. Nagareddy has received an NIH grant (R00 HL22505 Manning et al.
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compensatory mechanism to recover function in heart failure post-MI.
In addition to compromising function acutely, cardiac ischemia triggers a series of signaling events to communicate with peripheral blood cells and bone marrow that may affect long-term contractile recovery from MI (16) . In the first wave of peripheral blood cell response to acute MI (AMI), neutrophils aid in cleanup after tissue damage and the release of proteolytic enzymes. However, this initial injury response may actually confer long-term harm because reduction in the initial recruitment of inflammatory cells reduces infarct size and prevents cardiac remodeling after AMI in mice (16) .
In this study, we evaluated the effect of Rad deletion in the response of the myocardium to MI.
We found that Rad deletion reduces both mortality and contractile dysfunction after MI. We also found that Rad loss reduces scar development independent of preserving tissue viability, and this finding is accompanied by a reduction in the acute inflammatory response of neutrophil extravasation along with a decrease in inflammatory cytokine signaling.
METHODS
Additional detailed methods are available in the Supplemental Appendix.
MOUSE MODEL. Animals lacking Rad GTPase expression were generated as previously described (17) . Cardiac infarct was generated via surgical ligation of the left anterior descending coronary artery (LAD) as previously described (18 ( Figures 1C to 1E) . Furthermore,
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Rad-Loss Results in Multifaceted Post-MI Cardioprotection noninfarcted regions of the heart were found to contain a greater amount of interstitial fibrosis in WT compared with Rad À/À mice ( Figure 1F ). Ejection fraction values ( Figure 2B ) and fractional Anterior wall thickness did not reach significance, but there was a trend toward greater wall thickness in Rad À/À mice ( Figure 2G ). Taken together, these data show that Rad contributes to post-MI structural heart remodeling.
Remodeling in the heart after MI is associated with increased sympathetic stimulation precipitated by a reduction in stroke volume and subsequent decrease in blood pressure. We therefore used echocardiography and blood pressure telemetry to determine 
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Rad-Loss Results in Multifaceted Post-MI Cardioprotection Manning et al. Figure 5B), suggesting that Rad loss does not alter death signaling or initial tissue death but rather affects the longer term response of the heart to ischemic damage. We confirmed this finding in vivo using MI induced by LAD ligation, followed by Evans blue/triphenyltetrazolium chloride staining and **p < 0.01, ***p < 0.001, and ****p < 0.0001 versus baseline; † †p < 0.01 and † † †p < 0.01 versus WT at same time point.
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Rad-Loss Results in Multifaceted Post-MI Cardioprotection gadolinium magnetic resonance imaging 24 h after surgery ( Figures 5C to 5F ). No significant difference was observed between Rad À/À and WT nonperfused area at risk by Evans blue staining ( Figures 5C and 5D) or infarct development by triphenyltetrazolium chloride staining ( Figure 5E ). Furthermore, magnetic resonance imaging analysis confirmed that no difference was observed in infarct volume 24 h after MI ( Figure 5G ). We also found no difference in 24-h apoptosis in myocardial sections ( Figure 5H ). Figure 6B) . We confirmed the reduction in cardiac neutrophil density using fluorescence-activated cell sorting and counting ( Figure 6C ).
We next examined whether this reduced neutrophil density was associated with generalized Manning et al.
J A C C : B A S I C T O T R A N S L A T I O N A L S C I E N C E V O L . 3 , N O . 1 , 2 0 1 8
Rad-Loss Results in Multifaceted Post-MI Cardioprotection inflammation-related genes ( Figures 8A to 8F ). We also observed in the Rad À/À mice significantly higher levels of basal expression of thrombospondin-4, a protein that has previously been identified as a myocytegenerated anti-inflammatory agent ( Figure 8G ), although no further induction was observed in Rad À/À mice after MI ( Figure 8H ).
DISCUSSION
The main finding of this study is that deletion of Rad protects the heart against MI. In Rad-knockout Manning et al.
The Rad À/À heart has stable elevated function compared with WT (12, 27) . This functional gain is 
